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form female structures and those with female identity sex on positional information to generate sexual dimor-
cannot form male structures. How this cell autonomous phism.
control may work is illustrated by dsx’s regulation of
dacshund (dac) (Keisman and Baker, 2001a; Sanchez James W. Erickson
et al., 2001). The dac gene is expressed in both genital Department of Biological Sciences
primordia, but the form of Dsx present in the cell deter- Columbia University
mines whether dac expression will be activated by wg, 1212 Amsterdam Avenue
as in females, or by dpp, as in male animals. Thus, dsx New York, New York 10027
acts in two ways to control genital disc development:
nonautonomously to control disc growth by regulating
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In S. cerevisiae, spindle orientation and nuclear posi-New Insights into Development
tioning are important considerations for a successfulfrom Mitosis of a Unicellular Yeast mitosis because division must occur at the bud junction,
with spindles elongating in the correct direction. In S.
pombe, the nucleus is prepositioned in the center of theStudies in the fission yeast Schizosaccharomyces
cell, and thus the main challenge is establishing spindlepombe have uncovered a new spindle checkpoint.
orientation. This prepositioning of the nucleus for mito-
sis is a property that S. pombe shares with mammalian
The mitotic spindle, which physically segregates chro- cells and many other eukaryotes. Gachet et al. show
mosomes during mitosis, must align correctly to ensure that Latrunculin B prevents mitotic progression in fis-
partitioning to the daughter cells. Spindle orientation sion yeast, arresting cells within mitosis with short mis-
also plays a crucial role during development. For exam- orientated mitotic spindles (see Figure). Latrunculin
ple, in Drosophila epithelial cell layers, changing spindle
sequesters actin monomers, driving actin depolymeriza-
orientation from the horizontal to the vertical plane is a
tion. Their data suggest, therefore, that actin depolymer-
prerequisite for differential cell fate after division. Be-
ization prevents spindle orientation and activates a check-
cause chromosome segregation is a key irreversible cell
point within mitosis.
cycle transition, it is tightly regulated by a number of
Formally defining a checkpoint pathway requires the
checkpoint pathways to ensure correct spindle architec-
identification of one or more mutants that, during treat-ture and bivalent kinetochore attachment. In a recent
ment, progress through the arrest point with similar ki-report in Nature, Gachet et al. (2001) provide evidence
netics to untreated cells. The Latrunculin-induced mi-for a novel checkpoint that monitors spindle orientation.
totic delay is dependent on the stress-activated MAPMitotic checkpoints have been most thoroughly inves-
kinase pathway and a downstream transcription factortigated in S. cerevisiae, where two pathways have been
target Atf1. Latrunculin-dependent MAP kinase activa-identified. The first monitors kinetochore attachment
tion is probably a direct result of depolymerization ofand involves Mad2 and Bub1. Unattached kinetochores
the actin cytoskeleton. However, as with many drugactivate Mad2 to bind to the fizzy-related protein Cdc20.
studies, it will be important to formally prove this. TheCdc20 targets several proteins, including the regulatory
response of actin mutants that are insensitive to Latrun-subunit of mitosis promoting factor (MPF), cyclin B, and
culin (Ayscough et al., 1997) offers a simple approachthe separase inhibitor securin to an E3 ubiquitin ligase
to test this prediction.called the anaphase promoting complex (APC) (Nasmyth
Checkpoint responses usually use posttranslationalet al., 2000). Separase cleaves a component of the
modulations to provide the rapid and reversible re-cohesin complex. This complex holds the sister chroma-
sponses, but the checkpoint described by Gachet et al.tids together (Alexandru et al., 2001). Thus, unattached
may be dependent upon transcriptional changes. Thiskinetochores arrest cell division by blocking both MPF
would be consistent with the observed requirement ofinactivation and chromosome separation. The second
Atf1 and its upstream regulator Sty1. However, the kinet-pathway monitors spindle integrity through a mecha-
ics of MAP kinase phosphorylation upon addition ofnism that is dependent upon the location of the pole
Latrunculin is rapid (10–20 min) and transient (60and may also monitor tension produced by microtubule
forces at the spindle poles (Hoyt, 2000). min), whereas their physiological experiments monitor
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Activation of the Spindle Orientation Checkpoint
Microtubules (green) and DNA (blue) staining of Latrunculin-arrested S. pombe cells shows the misorientation of the spindle and metaphase
arrest. Micrographs courtesy of J.B.A. Millar.
mitosis 90 min after Latrunculin addition to synchro- orientation? Clues come, once more, from the study of
mitosis in S. cerevisiae. In this budding yeast, the astralnous G2 cells. Thus, Sty1 is no longer tyrosine phosphor-
microtubules are directed through the small aperture atylated by the time cells reach mitosis, although the tran-
the bud neck to anchor the spindle at the tip of the bud.scriptional consequences of Sty1 activation could still
Two mechanisms are used to direct astral microtubulesbe ongoing. If true, a dependence upon stress-activated
through the neck to the tip: the microtubule motor pro-transcriptional control would really be intriguing, but it
tein dynein regulates microtubule dynamics and slidesseems wise to be cautious. The MAP kinase pathway
microtubules across the cortex while myosin V can slidein S. pombe has both basal and induced levels of activ-
astral microtubules along the actin cables that extendity, and the loss of components of the pathway affect
from the mother cell into the bud (Yin et al., 2000). Theunstressed cells as well as stress responses. It will be
spindle orientation defects after latrunculin treatmentimportant to exclude the possibility that loss of Sty1 or
suggest that S. pombe may also use cortical myosinsAtf1 is resulting in an indirect effect on the Latrunculin-
to anchor astral microtubules during spindle orientation.activated checkpoint. A cycloheximide experiment
Disruption of astral microtubule function in humancould help to clarify this point.
cells results in much the same metaphase arrest asFission yeast cells delayed within mitosis by Latrun-
spindle orientation defects in fission yeast (O’Connellculin activate the APC with the same kinetics as un-
and Wang, 2000). This raises the distinct possibility thattreated cells, resulting in cyclin degradation and com-
the pathway underlying the effects seen in fission yeastmensurate loss of Cdc2-Cyclin B kinase activity. Despite
is conserved. Many cell types remain in metaphase whilethis, Rad21, an S. pombe cohesin subunit, is not de-
they position the mature spindle to define a new axisgraded and loss of sister chromatid cohesion is delayed.
for division. One of the best-studied is the two-cell stageRad21-cohesin degradation is APC dependent (Cut2-
C. elegans embryo, where the metaphase spindle ofsecurin must be degraded to allow activation of Cut1-
one cell rotates through 90 before anaphase B. As thisseparase [Nasmyth et al., 2000] to degrade Rad21-
cleavage plane forms perpendicular to the axis of the
cohesin). The separation of global APC activation and
anaphase B spindle, the rotation of the spindle plays a
Rad21 degradation could be explained if the Latrunculin critical role in setting up the body plan of this worm
checkpoint prevents cohesion breakdown either through (Hyman, 1989). Thus, the pathways that regulate the
localized inhibition of a chromosome-specific subset metaphase delay while spindle orientation is established
of the APC (see Clute and Pines, 1999) or by a direct are themselves likely to be subject to tight regulation by
mechanism independent of the APC. Both are intriguing developmental cues. These lowly yeasts may therefore
possibilities. Gachet et al. show that rad21-45 mutant hold the secret to more complex control pathways that
cells lack Latrunculin-induced mitotic delay, suggesting determine diverse aspects of development from axis
a direct model. Interestingly, the Rad21 equivalent in formation through to cell type specification.
budding yeast, Scc1p, must be phosphorylated by Polo
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for a target of the effect reported by Gachet et al. Among Manchester, M20 4BX
other things, Plo1 regulates a cascade called the septum United Kingdom
initiating network that regulates mitotic exit and is inhib- 2 MRC Cell Mutation Unit
ited when spindle function is compromised (Fankhauser Sussex University
et al., 1993). Falmer, Brighton BN1 9RR
United KingdomHow could perturbing actin function affect spindle
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proteins that are presumed to mediate the many re-Cyclin’ Round the Cell with Rac
sponses regulated by Rac (Bishop and Hall, 2000), in-
cluding Cyclin D1 expression. Rac is activated by gua-
nine nucleotide exchange factors (GEFs), which
stimulate release of GDP and allow GTP to bind. Just
as there are many effectors for Rac, there are many
mechanisms to activate it. The mechanism delineatedNew insight into how integrins stimulate cell cycle
by Mettouchi et al. involves the GEF SOS, which theyprogression is provided by a recent paper showing
find is required for fibronectin to induce Rac activation.that Rac is activated in endothelial cells plated on
SOS was originally isolated as a GEF for Ras but has afibronectin, but not on laminin, and regulates transla-
separate Dbl-homology (DH) domain that acts as a Raction of Cyclin D1 mRNA.
GEF (Das et al., 2000). SOS GEF activity for Rac can be
activated by phosphatidylinositol (3,4,5)trisphosphateRac is a small GTPase with many facets and contributes
(Das et al., 2000), and consistent with this phosphoinosi-under different guises to diverse cellular responses. One
tide 3-kinase is required for Rac activation (Mettouchiaspect that has been studied extensively is that of actin
et al., 2001). In addition, focal adhesion kinase (FAK)
cytoskeleton regulator—Rac is well-known for its ability
and the adaptor protein Shc are required to link SOS
to stimulate actin polymerization at the plasma mem-
activation to integrin engagement. Previously, activation
brane to form lamellipodia. A more enigmatic facet is
of Rac by SOS was shown to require two other adaptor
that of cell cycle regulator: Rac has long been known
proteins, Eps8 and e3B1 (also known as Abl interactor-1
to contribute to cell cycle progression, along with its
or Abi-1) (Scita et al., 1999). Whether Eps8 and e3B1
close relatives Cdc42 and Rho, but how it does this at are also involved in the integrin-induced activation of
the molecular level is not clear. Cell cycle progression Rac by SOS and subsequent Cyclin D1 accumulation
requires expression of a number of cell cycle regulatory would be interesting to know.
genes, and there is a lot of evidence showing that Rac SOS is not the only method for integrins to activate
can regulate gene transcription (Bishop and Hall, 2000). Rac, however (see Figure). Integrins can also activate
The clearest link with the cell cycle is provided by studies Rac through Vav family GEFs, at least in some cell types,
showing that Rac can regulate the transcription of Cyclin including hematopoietic cells (Schwartz and Shattil,
D1 (Joyce et al., 1999), a key cell cycle regulator that 2000). Another route from integrins to Rac involves a
activates the cyclin-dependent kinases CDK4 and CDK6 complex of proteins including Crk, Cas, and DOCK180.
during the G1 phase of the cell cycle. However, it seems This pathway has been widely implicated in integrin-
unlikely that Rac’s contribution to cell cycle progression regulated cell migration and phagocytosis rather than
and cell transformation rests simply on increased tran- proliferation (Caron, 2000; Schwartz and Shattil, 2000).
scription of one gene. A paper by Mettouchi et al. in the In fact, Mettouchi et al. show that a dominant-negative
July issue of Molecular Cell provides new insight into Crk does not affect fibronectin-mediated Rac activation
Rac function: Rac can regulate cell cycle progression in their system, suggesting that the Crk/Cas/DOCK180
by stimulating translation of the Cyclin D1 message route to Rac is not involved here. Interestingly, when
(Mettouchi et al., 2001). In endothelial cells, this function assaying migration as an outcome of integrin signaling,
of Rac turns out to be critical for determining their re- laminin rather than fibronectin is a better activator of
sponsiveness to extracellular matrix proteins. On fibro- Rac in A459 cells, a lung carcinoma cell line, and this
nectin, Rac is activated and the cells enter the cell cycle, activation is dependent on Crk/Cas/DOCK180 (Gu et
whereas on laminin Rac is not activated and the cells al., 2001). This suggests that the molecular mechanism
remain quiescent. This difference in response is attrib- underlying integrin-induced Rac activation differs de-
uted to the engagement of different cell surface recep- pending on the conditions; undoubtedly, the integrin
tors: the 51 integrin for fibronectin and the 21 integ- expression profile of the cell type will affect this. Whether
rin for laminin. a GEF such as SOS plays a role in the Crk/Cas/DOCK180
Rac cycles between an active, GTP-bound conforma- route is not clear: DOCK180 can bind directly to Rac
tion and an inactive, GDP-bound conformation. When but does not contain a classic DH GEF domain (Caron,
2000).bound to GTP, it can interact with a multitude of effector
